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論　文　内　容　要　旨
Introduction
Asa class of molecular machinesand devices, a number of studies have dealt withtremendous advance
inthe chemistry of supramolecules such asknots, catenaneS, rotaxanes, etc･ However, towardsthis direction,
no studies have focused onthe design and construction of rotaxanes based on silicon chemistry･
Inthis dissertation are described the synthesis, structure, and reactions of a new type of silicon compounds･
The synthesis of phenylene-bridged silamacrocycles usingring closing metathesis (RCM) reaction has been
studied･ Then, by applying the method,the first Silicon-based rotaxanes have been synthesized･ Their structures
and properties have been extensively investigated.
Chapter l･ Ring-closing Metathesis forthe Synthesis of Phenylene-bridged Silamacrocycles
In Chapter 1,the synthesis of novel silamacrocycles witha bridged phenylene nng uslng the effective
RCM reaction was investigated.
The RCM reaction of I,4-bis ldi131butenyl (methyl) silyl] benzene la, which features short (CH2)2 SegmFntS
betweenthe siliconand teminal alkenyl moieties, was camied out (Scheme 1). This reaction did not produce
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the corresponding phenylene-bridged silamacrocycles; instead, a mixture of intraligand RCM products, l･4-bis
(1lmethyll1-siracycloheptenyl) benzenes 2 was obtained･ To simplifyfurther analysis and product isolation･
the hydrogenation of 2 using tOSylhydrazine was conducted at reflux in diglyme to affordthe saturated
macrocycle 3 as a sole monomeriC product of the hydrogenation･ The molecular structure of 3 was confirmed
by X-ray analysis･
In a similar reaction manner,the RCM of 1,4-bis ldi-5-hexenyl (methyl) silyl] benzenes lband ld with
middle oligomethylene chain segments affordedthe corresponding phenylene-bridged macrocycles 4band 4d
(scheme 1).Among six possible geometrical isomers of 4b (or 4d), only anti, E･ E-isomer was isolated by
silica gel column chromatography. The highstereoselectivityofthe reaction might reflect stabilityofthe
anti, E, E-4b (or 4d). The calculation of relative energies forthe isomers of 4b is consistent withthe
experimentalresults. Thering strain might bethe major factorthat controuedthe stereoselectivityofthe
metathesis product･ Molecular structures of these silamacrocycles were determined by X-ray crystallography･
Inthesc structtwes,the phenylene planes are roughly perpendicular tothe averaged planes of disilacycloalkene
rugs probably to minimizethe steric contact betweenthe macro-rlngandthe phenylene nng･ The most
stable phenylene nng conformation seems to be kept also in solution･ AIso･the hydrogenative reduction of
an/ti, E, E-4b (or 4d) afforded quantitatively saturated analogues anti-5b (or 5d)I
The RCM of lc contaiming longer oligomethylene segments inthe same reaction conditions (Scheme I)
gave phenylene-bridged silamacrocycles asaninseparable syn /anti and E/Z-mixture of 6･ The synthetic yield
was apparently improved butthe stereoselectivitywas not controlledinthis case. Forthe simple isolation
and identi丘cation of metathesis products,the crudemixturc of 6 was hydrogenated to 7 as a syn/antz'
mixttue.
The yieldsand stereochemitry of products obtained by the RCM reaction depend sigmificantly onthe
chain-lengthof alkenyl substituents･ Towardsthe synthesis of rotaxanes,the reactions of phenylene-bridged
silamacrocycles were investigated･ The Sonogashira-coupling reactions of anti･ E･ El4b, anti･E･E-4d, anti-5b
and anti-5d using Pd[PPh｡】4, PdPPh3】2ClZ, PdlP(t-Bu)3]2C12, Or PdC12 WereunSuCCeSSfu1, probably due to
severe steric hindrance duringthe reaction･ It is notedthatthe anti･E･E-4b was easily dehalogenated using t-
BuLi, while the reaction of anti,E,E-4d witht-BuLi wasincomplete･
chapter 2･ Synthesisand Properties of Silicon-based Rotaxanes witha Simple DisilaalkaneWheel Component
Rotaxanes are of particular interest owlng tOthefunctions of shuttling of wheels on dumbbell･ The
synthesis of rotaxanesinvolves mostlythe self-assembling approach using noncovalent interactions offunctional
subunits. In Chapter 2, simple silahydrocarbon rotaxanes were synthesized by non self-assembling approach
and investigatedthe structure in detail･
The RCM reaction studied in Chapter 1 , together withthe Sonogashira-Coupling and catalytic hydrogenation
reactions were applied forthe synthesis of pre-rotaxaneS 12a-c in good yields (Scheme 2)･ Before RCM
reaction, trimethylsilylacetylene has been reactedwith1 ,4-bisldi15-hexenyl(methyl)silyl]benzenes lt"r ld
underthe Sonogashiracoupling reaction condition to afford smoothly compound 8inexcellent yield･ The
RCM reaction of 8 wasthen able to yield expected silamacrocycle 9 in reasonable yield. A鮎r desilylation
of 9, silamacrocycle 10 reacted remarkably witharyl bromidesunderthe similar Sonogashira coupling
condition to afford the corresponding coupling products lla-c in good yields･ The precursors lla-c were
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not suitable forthe protodesilylation reaction owlng tOtheunSaturated moieties. The hydrogenation of lla-c
was conducted at highpressure of H2 gaSinthe presence of Pd/C togivethe sattlrated analogues 12a-c
in excellent yields.
Treatment of 12band 12c withtriflic acid, followed by quenching withMeMgBr provided airand moisture
stable rotaxanes 13band 13CinmodeFated yields (Scheme 3). It was foundthatthe fomation of silicon-
based rotaxanes depends significantly onthe size of capplng groups. The protodesilylation reaction of 12a
did not give rotaxane 13a as expected. The free dumbbell component 14a was obtained instead.When pre-
rotaxanes 12b and 12c having larger capplng groups Were employed, rotaxanes 13b and 13c were yielded,
together withthe minor corresponding free-dumbbell components 14b and 14C, respectively.
The molecular structures of the rotaxane were confirmed by X-rayanalysISand NMR in solution. Structure
of rotaxane 13b consists of a very simple silaalkane wheeland a stretched inner dumbbell. Dihedralangles
at bto-thbenzylic junctions (173.00, 171.70) inthe dumbbellare close tothose for ideal anti conformations
around CH2-CH2 mOieties･ The asymetric nature of the rotaxane indicatesthatthere are two stationary
points of the wheel existed onthe dumbbell. The wheel showsthe rapid shuttling betweenthe stationary
･points in solution, giving raise tothe simple highly symetric IH NMR pattern. Rotaxane 13b isthermally
I stable up to 140 ℃･ No dethreading phenomena of the wheel component were observed when heating up
to that temperature.
The shuttling feature of the wheel in the present rotaxane system was further evidenced bythe NOE
effect betweenthe two subunit wheel and dumbell components. The results of lD ROESY experiments are
in accordance withX-ray crystallographyindetermination of the stationary polntS Ofthe wheel. The variable
temperature NMR was also investigated. The wheel should move backand forthbetween two sides of
capping groups even at low temperature (-50 ℃).
The analysis of spin-spin coupling (AA'BB'spin system) of benzylic proton pattems of rotaxane 13C
showedthat all anti-conformer is predominant for the irmer dumbbell in rotaxane, while significant amounts
of gauche/anti conformers are present as a mixture inthe Bee dumbbell. The stretching of the dumbbell in
rotaxane system is reasoned forthe shuttling steric effect of the silaakane wheel component. This isthe
first observation of the shuttling steric effect of the wheel component controllingthe conformational preference
ofthe dumbbell in a rotaxane System.
Thefunctionalization atthering component was also achieved.When pre-rotaxane 12c was also subjected
to react withbimc acidinthe same reaction manner,andthenthe resulted sillyl triflate intemediate was
quenched by either withwater or a reducing reagent LiAIH4,the corresponding silicon-fuCtionalized rotaxanes






















































anb'-Sh, X= L quant.














































いる｡よって､ Son Thanh Phan提出の論文は博士(理学)の学位論文として合格と認める｡
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